Objective. Evaluate the association between opioid therapy and health-related quality of life (HRQoL) in participants with chronic, noncancer pain (CNCP). Data Sources. Medical Expenditure Panel Survey Longitudinal, Medical Conditions, and Prescription Files. Study Design. Using a retrospective cohort study design, the Mental Health Component (MCS12) and Physical Health Component (PCS12) scores of the Short Form-12 Version 2 were assessed to measure mental and physical HRQoL. Data Collection. Chronic, noncancer pain participants were classified as chronic, nonchronic, and nonopioid users. One-to-one propensity score matching was employed to match chronic opioid users to nonchronic opioid users plus nonchronic opioid users and chronic opioid users to nonopioid users. Principal Findings. A total of 5,876 participants were identified. After matching, PCS12 was not significantly different between nonchronic versus nonopioid users (LSM Diff = À0.98, 95% CI: À2.07, 0.10), chronic versus nonopioid users (LSM Diff = À2.24, 95% CI: À4.58, 0.10), or chronic versus nonchronic opioid users (LSM Diff = À2.23, 95% CI: À4.53, 0.05). Similarly, MCS12 was not significantly different between nonchronic versus nonopioid users (LSM Diff = 0.76, 95% CI: À0.46, 1.98), chronic versus nonopioid users (LSM Diff = 1.08, 95% CI: À1.26, 3.42), or chronic versus nonchronic opioid users (LSM Diff = À0.57, 95% CI: À2.90, 1.77). Conclusions. Clinicians should evaluate opioid use in participants with CNCP as opioid use is not correlated with better HRQoL.
Currently, limited evidence exists on the efficacy of long-term opioid use for CNCP (Abdel Shaheed et al. 2016) . One systematic review and metaanalysis found that patients who stayed on oral opioids for at least 6 months had statistically significant reductions in long-term pain scores, but this conclusion is based on weak evidence with a standard mean difference just under 2 on the pain intensity scale (Noble et al. 2008) . Another systematic review evaluated the effect of long-term opioid use on HRQoL, which found longterm HRQoL was improved by long-term opioid use (Devulder, Richarz, and Nataraja 2005) , but this conclusion was based mostly on pre-and postassessment without comparison to other treatment options (Chou et al. 2009 ). Head-to-head, multicenter, trials of opioid use in chronic back pain and pancreatitis have found no differences in HRQoL between the two groups (Niemann et al. 2000; Allan et al. 2005) . This study adds to the literature by comparing long-term HRQoL among chronic opioid users, nonchronic opioid users, and nonopioid users with CNCP using MEPS, one of the rare sources of nationally representative data on HRQoL in the United States.
METHODS

Data Sources
This study used a retrospective cohort study design employing data obtained from MEPS. MEPS collects information on the health of the noninstitutionalized, civilian population of the United States. Data in MEPS are obtained through five rounds of self-administered questionnaires (SAQs) and/or interviews over a two-year period with each two-year period being considered a panel (Agency for Healthcare Research and Quality n.d.b.) . MEPS obtains health-related data from families and individuals from around 15,000 households in each panel. In order to create national estimates, these health-related data obtained by MEPS are weighted.
The Longitudinal, Medical Conditions, and Prescribed Medicines (PM) Files within MEPS were used for this analysis. The Longitudinal Files contain information collected for households of each panel, including demographics, self-reported disease states, measures of mental and physical health, medical and prescription insurance coverage, employment status, level of income, and other information related to health care (Agency for Healthcare Research and Quality n.d.b.) The Longitudinal Files have two years' worth of data for each participant in the panel. The PM Files contain over 300,000 observations with each observation being one prescription for a person in the household during a certain calendar year. Data within the PM files are gathered initially from participant interviews. For verification of medication exposure, the participants' pharmacy or pharmacies are contacted to obtain printouts of all prescriptions filled by the participants (Agency for Healthcare Research and Quality n.d.b.). For this study, files were obtained spanning from 2010 to 2013 as it was not until 2010 that MEPS began to obtain information on days' supply which was essential to this study. This study was reviewed and approved by the University of Arkansas for Medical Sciences Institutional Review Board.
Study Sample
A cohort of participants with CNCP derived from MEPS was based on the following question, asked in both rounds 2 and 4, within the Medical Outcomes Study Short Form-12 Version 2 (SF-12v2) instrument: "During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the home and housework)?" (Stockbridge, Suzuki, and Pag an 2015) The response options for this item include the following: "not at all," "a little bit," "moderately," "quite a bit," and "extremely." Participants who report "a little bit" of pain in the first year of the panel and at least "a little bit" of pain in the second year of the panel were classified as having "a little bit" of chronic pain. Participants who mark "moderately" or at least "quite a bit" of pain to this item in the first year of the panel and at least "a little bit" of pain in the second year of the panel were classified as having either moderate or severe chronic pain, respectively. This approach of collapsing the final two pain response options in coming up with severe chronic pain has previously been done (Institute of Medicine [US] Committee on Advancing Pain Research, Care, and Education 2011). Participants who were categorized as having either "a little bit," moderate, or severe pain based on the above definition were included in the analysis. Further inclusion criteria were (1) in-scope and information obtained from all five rounds of interviews, and (2) eligible for the self-administered questionnaire from both rounds 2 and 4. Exclusion criteria included (1) self-reported diagnosis of cancer within either year of the panel, (2) missing responses in regard to Mental Component Summary (MCS12) or Physical Component Summary (PCS12) from the SF-12v2 in either round 2 or 4, (3) missing National Drug Codes (NDC) for any prescription medication, and (4) opioid use in round 1, which provides a new user approach as a round is approximately 8 weeks long. 
Opioid Exposure
Using the PM files, Multum Lexicon Drug Classes and NDC were used to identify opioid exposure within MEPS. Multum Lexicon Drug Classes provide a means for classifying medications based on therapeutic drug classes. NDCs are specific, universal identifiers of medications that characterize the drug, strength, and formulation and are required for each medication per Food and Drug Administration guidelines. As with the Lemke study, Multum classes 60 ("Narcotic Analgesics") and 191 ("Narcotic Analgesic Combinations") were used for this study (Lemke 2015) . Multum classes 59 ("Miscellaneous Analgesics") and 63 ("Analgesic Combinations") were also evaluated for opioid exposure; however, these categories are not specific to opioids. Hence, NDCs were used to cross-reference with these categories for validation of opioid exposure.
Chronic versus Nonchronic Opioid Use versus No Opioid Use
Opioid days' supply and average daily dose were determined for each participant from rounds 2 through 4, which represents a 12-month period. No opioid use was defined as having received no opioid prescription over rounds 2 through 4. Nonchronic opioid use was defined as having received at least one prescription for an opioid but less than 90 days' supply over rounds 2 through 4. Similar to Lemke's definition of an intensive user, a chronic opioid user, therefore, was defined as one who received at least 90 days' supply of opioids over this time frame (Lemke 2015) . For intensive users, Lemke restricted the sample to those with 90 days' supply of Schedule II opioids; however, for this analysis, the focus was on chronicity of opioid use, and therefore, the definition was relaxed to include all opioids. The dates of prescription fills are not captured within MEPS. Therefore, average daily dose was calculated by converting all opioids to morphine equivalents, summing morphine equivalents for all opioid fills per participant, and then dividing by the participant's total opioid days' supply (Hayes et al. 2015) .
Imputation of Missing Days' Supply
Around 30 percent of opioid prescriptions had a missing value for days' supply. To overcome missing days' supply, average quantity per day was calculated for each type of opioid and each dosage form by pain severity among those prescriptions that had days' supply recorded. If a certain opioid type and dosage form did not have greater than 10 prescriptions within those in a certain pain severity category, the average quantity per day was calculated for that specific opioid and dosage form from the Pharmetrics LifeLink Plus database (IMS Health 2012). With the newly imputed quantity per day for those opioid prescriptions with a missing days' supply, the total quantity of the prescription was divided by the imputed quantity per day to obtain an imputed days' supply for a particular opioid prescription. If the days' supply was greater than 30 for a Schedule II opioid, then the days' supply was capped at 30 days. Similarly, if days' supply for a non-Schedule II opioid was greater than 90 days, then the days' supply was capped at 90 days. These rules were put in place to mimic federal laws regulating the days' supply of controlled prescriptions (Aetna 2014; U.S. Department of Justice Drug Enforcement Administration Office of Diversion Control 2014).
Primary Outcome Measure
The SF-12v2 contains the MCS12 and the PCS12, which, respectively, measure the latent concepts of mental and physical health (Ware 2005) . For each component, the score ranges between 0 and 100, where better mental and physical health is demonstrated by higher scores. The PCS12 is composed of four domains, which include physical pain and functioning, role restrictions, and general overall health (Cheak-Zamora, Wyrwich, and McBride 2009). The MCS12 also is composed of four domains, which include social and vitality functioning, role emotional, and overall mental health (Cheak-Zamora, Wyrwich, and McBride 2009). The SF-12v2 has recently been validated in a noncancer pain cohort in MEPS (Hayes et al. 2017 ). PCS12 and MCS12 are collected in round 2 and round 4. PCS12 and MCS12 scores from round 4 were used as the primary outcome measures, while PCS12 and MCS12 scores from round 2 were used as baseline covariate measures.
Covariates
General demographics (age, gender, race, marital status, and education level), income level, insurance status (health and prescription), and geographic location (South, West, Midwest, Northeast) were obtained. The Charlson comorbidity index was also calculated, and participants were grouped into three categories of the comorbidity score (0, 1, ≥2; Deyo, Cherkin, and Ciol 1992). Diagnoses for rheumatoid arthritis and osteoarthritis/other joint disorders were obtained from the medical conditions files. Using the PM files, exposure to other pain-related medications were obtained from rounds 2 through 4 (Antidepressants [Multum Therapeutic Subclasses: 76, 208, 209, 250, 306, 307, 308] 
Propensity Score Matching and Statistical Analysis
For the analysis of differences in MCS12 and PCS12 by opioid use among participants with CNCP, a 1:1 greedy match without replacement was employed to match participants on propensity scores (Austin 2008; Garrido et al. 2014) . Separate logistic regression models were used to obtain the propensity scores for nonchronic opioid use and chronic opioid use as compared to nonopioid use, derived from age categories, gender, race, marital status, education level, Charlson comorbidity index categories, medical and prescription insurance status, region of the country, income level, MCS12 and PCS12 in round 2, whether or not rheumatoid arthritis or osteoarthritis/ other joint disorders, and exposure to other pain-related medications. C statistics ≥0.7 for the logistic regressions will be considered acceptable (LaValley 2008). Next, three sets of greedy matches were performed as follows: (1) nonchronic opioid users matched to nonopioid users, (2) chronic opioid users matched to nonopioid users, and (3) chronic opioid users matched to nonchronic opioid users. To verify that propensity score matching alleviated observed biases, the pre-and postmatch p values were obtained. Additionally, differences between covariates can be nonsignificant between matches due to the decreased sample size. This potential imbalance was evaluated by assessing the standardized differences of greater than 10 percent between matched groups (Austin 2011) and by graphing the distribution of the propensity scores between the two groups before and after matching (Garrido et al. 2014) . If standardized differences remained greater than 10 percent for some variables even after matching, these variables were controlled for in the final regression models. Among participants that matched, PROC SURVEYREG was used to model PCS12 and MCS12 in round 4 as the dependent variables with opioid use as the primary independent variable; average daily dose in morphine equivalents was also incorporated. In order to incorporate sampling stratum for the matched pairs, adjusted least square means (LSM) and least square mean differences (LSM Diff) were reported. All the analyses were conducted using SAS v9.3 (SAS Institute Inc., Cary, NC) with a significance level of .05.
Sensitivity Analysis
To test whether imputed days' supply created misclassification for the level of opioid use (chronic vs. nonchronic), only participants who had days' supply documented for all of their opioid prescriptions were analyzed. As with the primary analyses, participants were again classified into nonopioid users, nonchronic, and chronic opioid users and matched based on propensity score (nonchronic opioid users to nonopioid users, chronic opioid users to nonchronic opioid users, and chronic opioid users to nonopioid users). PCS12 and MCS12 were evaluated in Round 4 among these matched pairs similarly to the primary analysis.
RESULTS
Participant Characteristics
A total of 5,876 participants were identified who had CNCP, no opioid use in round 1, and no missing NDC values for their reported prescription medications (Figure 1 ). Of these, 4,200 had no opioid use in rounds 2 through 4, 1,359 used opioids nonchronically, and 317 used opioids chronically. Table 1 shows the characteristics of each of these participants categorized by their opioid use. Across all categories of opioid users, most are Caucasian, female and have high school or less education. The most prevalent age range and region are 50-65 years and the South, respectively. Most participants do not have prescription medication insurance by all categories of opioid use. As opioid use increases, a higher percentage of those participants are poor or near poor, have rheumatoid arthritis or osteoarthritis/other joint disorders, are not married, have public insurance, have no prescription insurance, have high school or less education, and have severe pain.
Propensity Score Matching
Measures of validation for the propensity score matching and the distribution of the propensity scores before and after matching for the three sets of matches can be found in Tables S1-S3 and Figures S1-S3.
Nonchronic Opioid Use versus No Opioid Use
Of the 1,359 nonchronic opioid users with CNCP, 1,147 matched in a 1:1 greedy match propensity score analysis (84.4 percent). Logistic regression modeling was used to model nonchronic opioid use versus nonopioid use with the characteristics defined in Table 1 as the independent variables. The c statistic from the logistic regression was at the prespecified threshold of 0.7 (0.702). PCS12 in round 4 was found to not significantly differ between those that use opioids nonchronically as compared to those that do not use opioids as shown in Table 2 (PCS 12: LSM Diff = À0.98, 95% CI: À2.07 to 0.10, p = .075). Note.
In the final regression models, only adjustment for strata among matched pairs was used.
LONGWT, the longitudinal weight variable; MME, morphine milligram equivalent; SD, standard deviation; VARPSU, variance estimation PSU variable; VARSTR, variance stratum variable. Variables were used for strata, cluster, and weight to provide weighted national estimates.
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Similarly, MCS12 was not significantly different between the two groups (MCS12: LSM Diff = 0.76, 95% CI: À0.46 to 1.98, p = .223; Table 3 ).
Chronic Opioid Use versus Nonchronic Opioid Use
Of the 317 chronic opioid users with CNCP, 178 matched in a 1:1 greedy match propensity score analysis (56.2 percent). Logistic regression modeling was used to model chronic opioid use versus nonchronic opioid use with the covariates defined in Table 1 as the independent variables. The c statistic from the logistic regression was adequate (0.814). PCS12 was not found to be significantly different between the two groups as shown in Table 2 (PCS 12: LSM Diff = À2.24, 95% CI: À4.52 to 0.05, p = .055). MCS12 was also not found to be significantly different between chronic opioid users as compared to nonchronic opioid users (MCS12: LSM Diff = À0.57, 95% CI: À2.90 to 1.77, p = .634; Table 3 ).
Chronic Opioid Use versus No Opioid Use
Of the 317 chronic opioid users with CNCP, 213 matched in a 1:1 greedy match propensity score analysis (67.2 percent). Logistic regression modeling was used to model chronic opioid use versus no opioid use with the covariates defined in Table 1 as the independent variables. The c statistic from the logistic regression was adequate (0.888). PCS12 was not found to be significantly different between those that use opioids chronically as compared to those that do not use opioids as shown in Table 3 (PCS 12: LSM Diff = À2.25, 95% CI: À4.58 to 0.10, p = .0603). MCS12 was also not significantly different between the two groups (MCS12: LSM Diff = 1.08, 95% CI: À1.26, 3.42, p = .3663; Table 3 ).
Sensitivity Analyses
Among matches without an imputed days' supply for one of their opioid prescriptions, the results were similar as to the main analysis. Both MCS12 and PCS12 in Round 4 were not significantly different between matched pairs of nonchronic opioid users to nonopioid users, chronic opioid users to nonopioid users, or chronic opioid users to nonopioid users.
DISCUSSION
Chronic, noncancer pain and opioid use for CNCP (Guy et al. 2017 ) have been on the rise since the 1980s with the liberalization of opioid use outside of cancer pain until it reached a plateau and started to decline in the past 5 years (Nelson and Perrone 2012) . The ultimate goal of using opioids for the treatment of CNCP is to ease the burden of pain and hopefully improve HRQoL. With opioid overdoses now reaching epidemic proportions and prescription drug addiction rising exponentially, it is important that clinicians and researchers evaluate the benefit of opioid use on HRQoL among individuals with CNCP. However, studies are limited on whether or not chronic opioid use for CNCP is associated with significantly better HRQoL. This study showed that PCS12 was not significantly different among those with CNCP who use opioids chronically or nonchronically as compared to those with CNCP that did not use opioids at all. This relationship was demonstrated after matching on many covariates that would be associated with lower PCS12 scores, including joint pain, arthritis, and pain severity level. Many of these covariates have previously been shown to be associated with opioid use (Bartoli et al. 2015; Lemke 2015; Teunis et al. 2015; Kea et al. 2016) .
Several previous studies have reported similar findings. Also using MEPS data, one study found that despite the rise in opioid use, disability and health status metrics have not improved among opioid users (Sites, Beach, and Davis 2014) . A cross-sectional study in a nationally representative Danish population found opioid use to be associated with higher pain severity and lower HRQoL; however, causation is difficult to ascertain (Eriksen et al. 2006) . In a 3-year cohort study of postmenopausal women with chronic pain, baseline prescription opioid use was associated with worse physical functioning and a lack of improvement in pain (Braden et al. 2012) . Another cohort study of back pain patients found baseline opioid use to be associated with higher disability 6 months after baseline, even after substantial covariate adjustment (Ashworth et al. 2013) . Another cohort study of veterans found that opioid use was associated with a lower likelihood of improvements in pain intensity scores over a year timespan (Dobscha et al. 2016) . In those with neuropathic pain, PCS12 was found to be higher among those who used opioids; however, it was deemed to not likely be a clinically significant improvement (Bostick et al. 2015) . Our study found that PCS12 trended lower with opioid use among those who used opioids chronically, although the difference did not reach statistical or minimal clinically important difference (MCID) for general populations (Warkentin et al. 2014) or for two specific pain conditions (Parker et al. 2012a, b; MCID range of 4-8) .
MCS12 was also not significantly different between chronic, nonchronic, and nonopioid users. Differences in MCS12 among opioid users have not been extensively evaluated in the literature. One study found that MCS12 was significantly higher among those who experienced 50 percent or more pain relief as compared to those who experienced less than 50 percent pain relief when oxycodone was given for nonmalignant pain (Anastassopoulos et al. 2011) . Another study found that use of opioids was associated with poorer pain-related mental health even after controlling for duration of pain and physical functioning related to pain (Skinner, Lewis, and Trafton 2012) . Validation of the MCS12 in participants with noncancer pain showed a "dose related" decrease with increasing number of chronic conditions, which signifies increasing debility (Hayes et al. 2017) .
Overall, these results suggest that opioid use for CNCP is not associated with better HRQoL as measured by the PCS12 and MCS12 of the SF-12v2. Considering the risk of development of opioid dependence and addiction and unclear benefit on HRQoL, clinicians should carefully evaluate a treatment goal and whether participants with CNCP should continue receiving opioid therapy.
Several limitations exist with this study. First, it was unclear whether residual confounding by indication, or selection bias, exists in the relationship between PCS12 and MCS12 and opioid use. It is possible that we did not see an improvement in PCS12 and MCS12 scores because patients with worse health status and pain are more likely to be placed on opioid therapy. However, we have calculated a comorbidity index, limited to new opioid users (by at least 8 weeks), and adjusted for baseline MCS12 and PCS12 scores which take pain limitations into account. Second, prescription fill dates are not available in MEPS PM files other than the first date in which the participant started taking the medication; therefore, exact dates of opioid exposure within the survey round are unknown. Third, the results of this analysis are only generalizable to those participants who lie in the common support region, those that matched. For example, with the match between chronic and nonchronic opioid users, almost 44 percent of chronic opioid users did not have a suitable match. Demographic characteristics of the participants for whom a suitable match was not found are presented in Tables S4-S6 . Comparing the demographics of the whole sample as compared to those that did not match (Table S6) , chronic opioid users who did not match to nonchronic users were more concentrated in the greater than 50 age ranges, male, publically insured, lower income, and have more other medication use. Lastly, the final sample size of our study was limited with only around 300 chronic opioid users, which limits some subanalyses by pain severity and drug categories.
This study showed that mental and physical HRQoL were not significantly different among those who had CNCP and use opioids chronically as compared to those with CNCP who used opioids nonchronically or did not use opioids. 
